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1.
Introduction
After RAN2#61, CRs to each specification was agreed. [1][2][3] But some clarification is needed on HO procedure.
Following is copied from TS 36.323 for PDCP behavior at Handover [1]:
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As shown above, the trigger for re-ordering/PDCP Status reporting is under control of upper layer, which is RRC. PDCP itself does not know whether it is inter-eNB HO or intra-eNB HO. PDCP entity just follows command from RRC.
Following is the text update for TS 36.331 [2]:
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According to TS 36.331, there is no difference between inter-eNB HO behavior and intra-eNB HO behavior. So, whenever serving cell changes, RRC indicates that PDCP performs re-ordering and RLC is reset. 
Following is copied for section 4.2.1.3.3 of TS 36.322 [3]:


[image: image3]
In the above text, the described actions are as same as RLC re-establishment procedure but the actions are taken only during inter-eNB HO. Thus, it is interpreted that re-establishment procedure is performed only during inter-eNB handover. 
At the same time, following is found in TS 36.322.
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Here, it seems that RLC follows RRC’s command.
2.
Discussion
When handover between different eNBs occurs, all the context information of Layer2 is not transferred between eNBs. In this situation, to support efficient use of backhaul and radio resource and to support lossless inter-eNB HO, PDCP re-ordering/PDCP Status reporting is introduced. On the other hand, in case of intra-eNB HO, because PDCP/RLC entity is located in the same physical node, there is no need to reset each RLC entity, to forward PDCP SDUs over X2 and to re-order PDCP SDUs. If RLC entity is re-established or PDCP reordering is used during intra-eNB HO, unnecessary interruption or waste of radio resource occurs. Thus, RLC re-establishment and PDCP re-ordering/PDCP Status reporting should be performed only during inter-eNB HO.
Normally, performance or user experience is improved if the number of RLC re-establishment and PDCP re-ordering is minimized. In this sense, the discrepancy between specifications as shown in section 1 should be corrected so that unnecessary action is not performed during intra-eNB HO. I.e., the behaviour of RLC/PDCP entity should be differentiated according to whether it is under intra-HO or under inter-HO. Especially, during intra-eNB HO, RLC establishment/PDCP reordering should not occur. In fact, the most useful case of RLC re-establishment identified until last RAN2 meeting is inter-eNB HO. 
One may argue that eNB can smartly work not to transmit unnecessary PDCP SDUs even without receiving PDCP status report. But as long as RLC status report from UE to eNB is not sent frequently or fast, unnecessary PDCP SDU transmission in downlink is not avoidable. Same thing applies to uplink. Unless RLC Status Report is delivered frequently enough, all the RLC SDUs that are not acknowledged before handover should be retransmitted at the new cell of same eNB.

It should be noted that if RLC entity is re-established at every cell change, the intra-eNB HO performance of LTE is much worse than that of UMTS.

Proposal 1:

During intra-eNB HO, RLC is not re-established and PDCP re-ordering/status reporting is not used. 
If above proposal 1 is agreeable, it should be discussed how to signal whether the action for inter-eNB HO should be used or the action for intra-eNB HO should be used. The simplest solution is to use one-bit flag which indicates whether it is inter eNB HO or intra eNB HO.

Or, to save 1-bit, flag for RLC Re-establishment can be used. Thus, by indicating whether the UE should re-establish RLC entity or not, eNB can implicitly inform UE of whether it is inter-eNB handover or intra-eNB HO and can inform UE whether it should perform PDCP re-ordering or not. But, to prepare for the future use case of the RLC establishment procedure, it also can be considered to indicate RLC/PDCP behaviour separately.  
3.
Conclusion
First, it is proposed to confirm that intra-eNB HO behaviour is better to be different from inter-eNB HO behaviour.
If it is confirmed that the behaviour is different, then it is further proposed to discuss how to signal this.
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5.4	Re-establishment procedure


RLC re-establishment is performed upon request by RRC, and the function is applicable for AM and UM RLC entities.





5.3.6	Handover


NOTE	The UE performs the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message


The UE shall:


1>	if no dedicated preamble was provided (signalling details are FFS) OR


1> if a dedicated preamble expiry time was provided and the indicated expiry time has elapsed (signalling details are FFS):


2> perform the initial access procedure as specified in [TS 36.321], using a randomly selected common preamble;


1>	else:


2> perform the initial access procedure as specified in [TS 36.321], using the indicated dedicated preambles;


Editors note	In case the above is the only action upon expiry time, it seems preferable to specify this in 36.221. However, it is presently unclear how contention is handled after the expiry time.


1> If the handover succeeds (details of success/ failure are FFS): 


2> If the RRC CONNECTION RECONFIGURATION message includes the IE “Security configuration”: 


3>	apply the AS-derived keys associated with the AS-base key indicated by the IE ”Key indicator”;


3>	configure lower layers to apply the indicated integrity protection algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;


3>	configure lower layers to apply the indicated ciphering algorithm immediately, i.e. the new algorithm shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;


2>	if the radio configuration to be used in the target cell is specified as a delta to the one used in the serving cell (signalling details are FFS):


3> act upon the received radio configuration, excluding the physical layer configuration, in accordance with 5.3.9, as specified for the case of a ‘modification’;


3> act upon the received physical layer configuration in accordance with 5.3.9.2.


2>	else:


3> act upon the received radio configuration in accordance with 5.3.9.2.


2> reset the RLC and MAC;


2>	indicate the occurrence of handover to PDCP;





At the time of inter eNB handover, the receiving side of an AM RLC entity shall:


If possible, reassemble RLC SDUs from the RLC data PDUs that are received out of sequence and deliver them to PDCP;


Discard any remaining RLC data PDUs that could not be reassembled into RLC SDUs;


Initialize relevant state variables and stop relevant timers.





5.5	PDCP Behaviour at Handover


5.5.1	User plane radio bearers mapped on RLC AM


5.5.1.1	Actions at handover


When upper layers indicate that a handover has occurred, for radio bearers that are mapped on RLC AM, the UE shall:








1
3

